Anisakidosis is an acute and, less commonly, chronic gastrointestinal tract disease caused by the ingestion of nematode larvae contained within raw or undercooked seafood. We describe a case of chronic gastric anisakidosis diagnosed by endoscopic resection of submucosal nodules in a patient with a multi-year history of epigastric abdominal pain. This case illustrates the importance of maintaining a high index of suspicion for this diagnosis, even in patients with a remote history of seafood consumption or a chronic presentation of abdominal pain.
Introduction
Anisakidae is a family of parasitic nematodes that can infect the human gastrointestinal tract after consumption of raw or undercooked fish or squid [1] . Their natural life cycle involves crustaceans, fish or squid, and marine mammals; humans are a dead end host (Fig. 1) . Anisakidosis, also known as herring worm or codworm disease, is most commonly caused by Anisakis simplex (infection referred to as anisakiasis) and Pseudoterranova decipiens, although other members of the family Anisakidae can less commonly be responsible for human infections [2, 3] . Most reported cases occur in Japan; however, coastal areas of Europe, the United States, and several other countries also have documented cases [2] .
Infection is often related to consumption of raw seafood dishes such as sushi, ceviche, sashimi, and pickled herring, although undercooked seafood can also be a culprit. Non-invasive infection can occur and is characterized by a tingling feeling or motion in the throat related to worm migration into the esophagus or oropharynx after swallowing, and worms may be expelled by coughing or vomiting [4] . Invasive infection occurs when larvae attach to or penetrate host tissues, with worms most commonly found in the gastric and intestinal mucosa and submucosa [4] . Symptoms of acute infection include epigastric pain, nausea, vomiting, and allergic symptoms such as urticaria, usually starting within hours of ingestion [5] . Computed tomography (CT) scan generally shows edematous wall thickening of involved organs, and can show ascites and inflammation of the mesenteric fat [5] . Penetration through the stomach or intestine with migration into the peritoneal cavity, pleural cavity, mesentery, liver, pancreas, ovary, subcutaneous tissue, and other sites can occur [2, 4] . Untreated infections can also become chronic, with ulcer-like symptoms that can last for months or years and cause diagnostic difficulty [2, 4, 6] Although the larvae likely only survive in the human host for a matter of weeks, abscesses or granulomatous inflammation can occur in response to degenerating anisakid larvae [2] . Here, we present a case of gastric anisakidosis diagnosed in a patient with a history of long-term, chronic abdominal pain.
Case report
The patient, a Korean-American woman in her early 50 s, presented with a history of epigastric abdominal pain for over 10 years. The pain was usually postprandial, and could be triggered by ingestion of caffeine or spicy foods. She moved to the United States from Korea about 30 years prior to presentation, and had returned to Korea a few times, most recently two years earlier. She had eaten sushi in Japanese restaurants locally and had cooked and consumed frozen salmon from grocery stores. Otherwise, she did not usually buy raw fish to prepare and did not report consumption of undercooked or fermented seafood at home.
She was empirically diagnosed with peptic ulcer disease and treated with anti-acid therapy. Her pain continued, however, and lesions with no bleeding were noted in the gastric body and antrum, measuring up to approximately 9 mm in diameter. Submucosal resection was performed on two of the lesions. Pathologic examination revealed a submucosal necrotizing granulomatous response associated with numerous eosinophils and foreign body giant cells, surrounding non-viable nematode larvae. Although the larvae showed degenerative changes, the size, morphology, and localization were consistent with anisakidosis (Fig. 2) . Laboratory testing revealed a normal white blood cell count (5400 cells / mL) without an elevated eosinophil count.
Given the otherwise mild gastritis, the degenerated anisakid larvae and associated necrotizing granulomatous response were clinically believed to be the major cause of the patient's chronic epigastric pain. Since one of the three visualized submucosal lesions was not removed, and because concomitant intestinal involvement could not be excluded, the patient was treated with albendazole for 10 days. She was instructed to return if her abdominal pain did not improve for a possible repeat upper endoscopy to extract any remaining lesions; however, she did not subsequently present for follow up.
Discussion
Our patient presented with over 10 years of chronic abdominal pain, and accurate diagnosis of gastric anisakidosis required two endoscopic procedures. Although it cannot be determined with certainty when her initial infection occurred, her pain remained relatively constant for several years, and an initial endoscopy nine months prior to the eventual diagnosis showed a gastric nodule. The biopsy at that time was superficial, however, and did not sample submucosal tissue that could have proven diagnostic.
During her second endoscopic procedure, mucosal resection of gastric nodules was performed, providing a sufficient tissue sample to identify the parasites and associated granulomatous inflammatory response in the gastric submucosa. Although direct visualization of the parasite often confirms the diagnosis in gastric anisakidosis, anti-Anisakis simplex antibody detection can be performed by immunoassays such as enzyme-linked immunosorbent assay (ELISA) or latex agglutination, which can be particularly useful in intestinal or extra-intestinal cases [7, 8] . PCR-based techniques to amplify the DNA of Anisakis species in formalin fixed, paraffin-embedded tissues are also being developed [9, 10] .
Although our patient's larval excision was delayed, early endoscopic extraction is the preferred treatment of gastric anisakidosis unless the larva is spontaneously regurgitated [2, 11, 12] . Delayed removal can result in larvae embedding into the submucosa, as in our case, which required a larger procedure (submucosal resection) for removal. Although the larvae in our case were non-viable, the marked associated granulomatous reaction may have been ongoing and resulted in epigastric pain. Anisakidosis can also cause allergic symptoms, including urticaria, angioedema, and even anaphylaxis, often associated with high levels of anti-Anisakis simplex IgE antibody [8] .
Our patient was treated with albendazole therapy in an attempt to eradicate any possible residual anisakid larvae, although exposure was likely remote and the presence of viable larvae was considered unlikely. This therapy is generally well tolerated, however, and there is some evidence to suggest that medical therapy with albendazole can provide effective treatment [13, 14] . While endoscopic treatment is usually performed for gastric anisakidosis, conservative and medical therapy can be attempted for intestinal and extra-intestinal disease, with surgery reserved for complications such as obstruction or appendicitis [2] . Infection can be prevented by adequately cooking or freezing seafood prior to consumption.
Conclusion
In this report, we describe a case of gastric anisakidosis diagnosed in a patient with a several year history of chronic abdominal pain. With the increasing popularity of sushi and other uncooked or lightly cooked seafood dishes in the United States, the prevalence of anisakidosis seems likely to increase. The classic presentation of acute abdominal pain, nausea, and vomiting temporally correlated with the ingestion of raw or undercooked seafood facilitates diagnosis; however, the chronic form of the disease can be diagnostically challenging. Therefore, it is important for clinicians, endoscopists, and pathologists to maintain a high index of suspicion for this diagnosis, even in patients with a remote history of seafood consumption or a presentation of unexplained chronic abdominal pain.
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